INTRODUCTION
Approximately 200 000 inpatient surgical procedures for pelvic organ prolapse (POP) are performed annually in the USA. By age 80, 11-19% of women will undergo surgery for prolapse or incontinence. From 1979 to 2006, surgical repair of prolapse was the most common type of inpatient procedure performed in women older than 70 years [1] .
Advancements in POP surgery have been shaped by efforts in outcomes literature to report composite measures of treatment success, including reoperation rates as well as objective and subjective measures. These efforts have highlighted surgical techniques that have been linked to the development and prevention of recurrence and have brought forth new insights regarding outcomes of native tissue repairs. Additional analyses have highlighted changing trends because of the controversial issues surrounding the use of mesh and the increasing demand for uterine preservation. The evolution of laparoscopic and robotic surgery has also increased the use of these techniques in POP surgery.
DECREASING POSTOPERATIVE RECURRENCE
Recurrence rates after prolapse surgery have been reported as high as 29% [2] . This high failure rate played a large role in the drive to augment repairs with synthetic mesh. As controversy surrounding synthetic mesh placement has come to the forefront, new attention has been directed toward identifying surgical variables that may have an effect on outcomes of POP repair.
Accurate staging of POP is critical to surgical selection, and increasingly its importance has been emphasized in preventing recurrence. In patients presenting for surgery for POP, attempts to correlate prolapse symptom questionnaire scores with anatomic findings have been inexact, making the physical exam, with emphasis on the identification of apical prolapse, especially important [3] . Except in the case of enterocele, a well performed pelvic examination should ideally preclude the need for radiologic examination even when surgical treatment is planned. Prolapse of each anatomic compartment should be evaluated and recorded using a quantitative and reproducible method. The POPQ system is the classification system of choice of the International Continence Society, the American Urogynecologic Society, the Society for Urodynamics, Female Pelvic Medicine and Urogenital Reconstruction, and the Society of Gynecologic Surgeons.
Our prior study of a national sample of female Medicare beneficiaries with follow-up of 10 years showed that the reoperation rate was significantly reduced following both anterior and posterior colporrhaphy when a concomitant apical suspension procedure was performed [4] . These findings not only strengthen the association between apical and anterior support, but also bring increased attention to the relationship between apical and posterior support, and suggest that appropriately used apical support procedures might reduce the long-term risk of prolapse recurrence [4] . During preoperative examination, maneuvers such as supporting the vaginal apex with a large cotton swab, a ring forceps, or the posterior half of a speculum, help approximate the results following apical prolapse repair. Reduction of apical prolapse corrects anterior and posterior compartment defects in many women and may help guide the decision to perform apical prolapse relapse repair [5] .
In addition to the role of apical support, other efforts have focused on clarifying if interventions performed during hysterectomy have successfully reduced the rate of prolapse recurrence. McCall culdoplasty at the time of a vaginal hysterectomy has been shown to prevent the later development of POP [6] . A recent randomized trial comparing long-term POP outcomes after either subtotal or total abdominal hysterectomy for benign uterine disorders showed no long-term difference in objective, subjective, or quality-of-life outcomes [7] . The role of perioperative behavioral therapy and pelvic floor muscle training in postsurgical outcomes has also been studied, but randomized trial data has shown no benefit to urinary symptoms or prolapse recurrence with use of either intervention [8 && ]. An important area of future research lies in further understanding of how to best perform combined reconstruction. It remains controversial whether repair of apical prolapse is sufficient to support the anterior and posterior vaginal walls or if additional procedures are required to address these specific defects. Comparative studies of abdominal sacrocolpopexy (ASC) with or without paravaginal repair have been retrospective and inconclusive regarding recurrence [9] . Studies regarding outcomes of ASC with combined midline anterior colporrhaphy are lacking. Data on simultaneous anterior or posterior colporrhaphy in women undergoing a transvaginal apical suspension is limited by reports of primarily anatomic outcomes [10] .
NATIVE TISSUE VAGINAL REPAIRS
Expert agreement in outcomes literature has broadened the definition of treatment success to encompass both objective and subjective cure rates. This has led to a new focus on investigation of native tissue apical repair, and has demonstrated that it has a better success rate than previously found [11] . The primary options for native tissue transvaginal apical prolapse repair are sacrospinous fixation (SSF) and uterosacral ligament suspension (ULS). Randomized trial data suggests that the efficacy of ULS and SSF for treating apical prolapse are comparable [8 && ]. The risks and benefits of each differ slightly. Higher rates of anterior wall prolapse recurrence have been reported in some studies following SSF [12] . There is a slightly higher risk of persistent neurologic pain that may require reintervention after SSF and an increased risk for ureteral obstruction with ULS [8 && ]. Two recent meta-analyses have provided important outcomes data on apical prolapse repair following native tissue SSF compared to those after open ASC with mesh. Despite improved objective anatomic outcomes with ASC, postoperative prolapse symptoms are similar following either abdominal or vaginal repair at 2 years follow-up [13] . Reoperation rates appear to be similar between ASC and SSF, though data have been limited by small sample size and short follow-up [14 & ]. Overall complication rates appear to be infrequent and similar when comparing abdominal and native tissue vaginal approaches for apical repair. Mesh sacrocolpopexy is associated with a slightly higher rate of ileus, small bowel obstruction, and mesh or suture complications [14 & ]. ASC is associated with longer operating time, longer recovery time, and
KEY POINTS
The identification and correction of apical prolapse is important to reduce the risk of recurrence and reoperation for POP surgery.
New studies have shown that native tissue vaginal repairs for apical prolapse have better outcomes than previously believed.
Proper technique and patient selection during TVM placement is associated with an acceptably low complication rate.
Complications of abdominal mesh augmentation repairs are low and minimally invasive techniques have reduced the morbidity of these procedures.
greater expense [13] . Although randomized trials have shown that postoperative dyspareunia was less likely in women who underwent ASC compared with native tissue SSF, larger meta-analyses have shown conflicting results, suggesting that a large difference in postoperative dyspareunia rate is unlikely [13] .
Advancements in anterior prolapse repairs have been shaped by the recognition that anterior prolapse is the result of specific defect in the support structures of the vagina as a whole. Lack of attention to apical support defects has been proposed as a major reason why anterior vaginal wall prolapse recurs [15] . Due to the higher risk of recurrence with native tissue repair, identifying and correcting apical and lateral defects is important in reducing anterior compartment failure when performing these procedures [16] . Native tissue quality can be further compromised with recurrence or advanced stage prolapse. Due to improved objective and longterm outcomes, reconstructive materials should be considered following failed native tissue anterior repair or in cases of advanced prolapse [17] .
Regarding posterior compartment repair, analysis of three randomized trials has shown a vaginal approach to be more effective than a transanal approach. Transvaginal repair leads to better anatomic result with equal risk of de novo dyspareunia [13] . Anatomic and functional outcomes of standard posterior colporrhaphy are equal to those done with graft or mesh augmentation, but associated with less risk [18] . Results following posterior colporrhaphy are similar to those after site specific repairs [18] .
NEW DEVELOPMENTS IN TRANSVAGINAL MESH
Data showing superior objective results played a large part in the rapid adoption of transvaginal mesh (TVM). However, heightened recognition of risks associated with TVM placement prompted a US Food and Drug Administration (FDA) notification regarding TVM use in 2008 and again in 2011. In the years since these notifications, procedures requiring vaginal mesh insertion have largely been replaced by increases in native tissue anterior/posterior repairs and apical suspensions [19 & ] (Fig. 1) . Research into prevention of mesh complications has focused on patient selection and surgical technique. In patients desiring better anatomic and more durable outcomes or in patients presenting with recurrence or advanced stage, higher subjective and objective success rates for anterior and apical repair with TVM products warrants their consideration in these settings. [17, 22] . Studies have also shown that anterior repair with TVM mesh results in lower maximal urethral closing pressures and better improvement of obstructive voiding symptoms compared with standard anterior colporrhaphy [17] . Thus, women with bothersome obstructive symptoms may also experience greater symptom improvement following anterior repair with TVM. Modifiable risk factors for mesh complications should also be considered, and include smoking, poor nutrition, and vaginal atrophy [23] . Recent analysis has disproved the potential concern of TVM placement with the risk of development malignancy [24] . Outcomes of TVM complications have provided important insight into patient selection as well. A recent study assessing symptom resolution after operative management of complications from TVM found that 51% of patients reported complete resolution of their symptoms. Of all symptoms, mesh exposure was most likely to improve with treatment. Persistent pain was the most difficult to address. Furthermore, patients with a preoperative diagnosis of a chronic pain condition were the least likely to respond to surgical removal of the mesh [25] . This suggests that patients with a history of chronic pain may not be ideal candidates for the use of TVM.
Surgical technique is important when placing TVM products for prolapse repair. Key techniques to minimize mesh erosion include full thickness dissection, tension-free suspension, and prevention of mesh rolling [26] . Adequate training is important in minimizing mesh erosion rates as there is evidence that mesh complications are higher among providers with less experience [27] . Our recent analysis of TVM legal claims found that 88% of implanting providers in cases against mesh manufacturers were not board certified in Female Pelvic Medicine and Reconstructive Surgery. Our investigation data from Medicare beneficiaries has also shown that reoperation rates following TVM placement is significantly lower following placement by high volume surgeons. Mesh selection is an important surgical consideration as well. Mesh with microporous components or with multifilament weave is associated with higher complication rates than macroporous polypropylene mesh. Comparisons of surgeontailored materials with precut mesh kits have been observational and show no difference in recurrence or extrusion rates [23] . Compared with native tissue repair, absorbable mesh repair has shown no significant difference in anatomic or patient-reported outcome [16] . Despite its theoretical potential in reducing complications, a recent randomized trial showed that collagen-coated polypropylene mesh has similar rates of vaginal exposure to noncoated mesh [28] .
The use of TVM depends on the degree of prolapse, patient characteristics, patient preference, and surgeon experience. Patient preparedness remains an important determinate of surgical outcome and the potential risks and benefits of TVM should be discussed fully. Proper surgical technique and patient selection are important in minimizing the potential for mesh related complications. It is likely that, in the era of mass mesh litigation, TVM will no longer be placed by low volume providers. Rather, those high volume surgeons most comfortable with the techniques will be the ones who continue to place mesh. This will hopefully be associated with a much lower rate of mesh-related complications than was seen before the 2011 FDA notification. www.co-urology.com
ABDOMINAL REPAIR AND THE EVOLUTION OF MINIMALLY INVASIVE TECHNIQUES
Laparoscopic sacrocolpopexy (LSC) was described in 1994 and shortly thereafter numerous studies showed its benefits in reducing blood loss and reducing recovery time. Robotic sacrocolpopexy (RSC), with the principal advantages of shorter learning curve and improved ergonomics, has been rapidly adopted over the past decade, with even greater increases in frequency seen following FDA notifications regarding transvaginally placed mesh [22] . Compared with patients undergoing ASC, patients undergoing robotic repair were found to be younger, more frequently Caucasian, more likely to have private health insurance and have fewer comorbidities. Adoption of RSC has been greatest in teaching hospitals, urban settings, and in the Northeastern and Western USA [29] . As the adoption of robotic technology continues to spread, ideally its use will be expanded to a broader distribution of patients from varying socioeconomic backgrounds.
RSC follows the same basic steps as open and laparoscopic procedures with most series beginning with dissection of the sacral promontory. Varying extents of anterior and posterior vaginal dissection have been described with little data comparing associated benefit or risk with each. A macroporous polypropylene graft is fixed to the anterior and posterior vaginal wall using suture. Varying use of nonabsorbable, delayed-absorbable, and absorbable suture material has been reported. The robotic approach facilitates safe suturing to the anterior longitudinal ligament while avoiding the underlying L5-S1 disk space to minimize the risk of discitis. The magnification and visualization provided by the robot allows the needle to be visualized throughout its course through the 1-2 mm thick anterior longitudinal ligament [30] . Although it has been reported that the peritoneum can be left open without bowel complications, most reports of RSC include peritoneal closure, due to real concerns regarding adherence of the mesh to the bowel [31] .
Level 1 evidence has demonstrated the efficacy and safety of RSC [32 && ]. Anatomic and subjective cure rates are greater than 90%. Reports of complications site a conversion rate to open surgery of less than 1%, a 3% rate of intraoperative complications, a 2% rate of severe postoperative complications, and an overall vaginal mesh extrusion rate of 2% [32 && ]. RSC has been compared to LSC in two randomized trials and to laparoscopic, open abdominal, and vaginal prolapse surgery in several retrospective cohort studies. Compared to LSC, RSC can be associated with slightly longer operative time. Blood loss, length of stay (LOS), complications, and outcomes appear to be similar. Both randomized trials have shown that immediate postoperative pain may be worse following RSC than after LSC. The increased pain could be caused by increased tension on port sites from longer operative time [32 && ,33] . Compared to ASC, blood loss, transfusion requirements, and length of stay are shorter following robotic repair [29] . Anatomic outcomes and complications are similar [29] . Compared to transvaginal SSF or ULS, RSC results in no difference in subjective outcome or sexual function and may be associated with less blood loss, shorter LOS, and fewer complications [34, 35] . Studies of cost-effectiveness have found RSC more costly than LSC, with a large part of this cost related to the initial purchase price of robotic equipment [32 && ]. Due to shorter hospital stay, RSC has been shown to be less expensive than ASC [32 && ]. The overall impact on cost with the broader adoption of robotic repair remains unknown.
UTERINE PRESERVATION
Traditionally, surgical management of uterine prolapse includes concomitant hysterectomy. Several assertions have guided this practice, including the theoretical risk of increased recurrence, the risk of potential malignant pathology in the cervix or uterus, and the fact that the most commonly performed techniques for apical prolapse repair require hysterectomy. However, hysterectomy is associated with increased operative morbidity and there is concern that concomitant hysterectomy may increase the risk of some perioperative complications, in particular mesh extrusion when the cervix is not spared. Patient preference for uterine preservation is also increasing. Cross-sectional studies of women with prolapse showed that 36% prefer uterine preservation if outcomes are assumed to be equal and 21% of women still prefer uterine preservation even if efficacy is presumed as inferior [36] .
Although historical data are conflicting, recent studies comparing native tissue vaginal repairs have brought forth promising results of uterus preservation. Vaginal sacrospinous hysteropexy is the most studied method for uterus preservation, with good results demonstrated. A recent study with 7 years of follow-up comparing outcomes of SSF versus vaginal sacrospinous hysteropexy showed no difference in both objective and subjective success rates [37] . A randomized trial of women presenting with stage 2 or greater apical prolapse showed uterus preservation by vaginal sacrospinous hysteropexy as noninferior to vaginal hysterectomy with ULS at 12 months' follow-up [38] . Abdominal and laparoscopic hysteropexy procedures have also been reported, and results indicate similar functional and anatomical results to hysterectomy and sacrocolpopexy [39] . However, the differences in the incidence of reoperation following uterine sparing procedures are largely unknown and worthy of future study.
CONCLUSION
The surgical repair of vaginal prolapse has evolved rapidly, allowing for minimally invasive techniques with durability comparable to traditional techniques. Native tissue repairs have high success rates, as long as prolapse of the vaginal apex is identified and addressed when present. Mesh augmentation for prolapse has low complication rates when placed abdominally (as in LSC, RSC, and ASC). Mesh placement vaginally also has acceptably low complication rates when performed with proper technique. Although the FDA warnings and subsequent mesh litigation has resulted in a decrease in the number of these procedures performed, surgeons who continue to perform them will likely be high volume technicians with good outcomes.
